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Abstract 
Teeth are important organ of human body.  Nowadays, people are more interested in dental care, especially, with 
teeth whitening. The latest development in this treatment is the use of laser diode. The laser process provides many 
advantages include a shorter treatment time, the reduction of tooth sensitivity and gingival irritation. However, a 
critical concern still exists, i.e. the destruction of the pulpal tissues due to the heat generated during the treatment. So 
the purposes of this research then include not only the changing of teeth color but also the temperature changing in 
pulpal tissues as a function of the power density of the laser diode. In the experiment, human-extracted teeth samples 
coated by 38 hydrogen peroxide were stimulated with 10.9, 16.1 and 36.7 W/cm2 of a 808 nm laser diode. The 
exposure time of 60 seconds for a single-exposure and two of 30 seconds for double-exposure of were studied. The 
teeth color before and after the treatment were described by the CIE L*a*b* system. The results showed that the high 
power density (36.7 W/cm2) had given more luminous teeth than the low power density.  However, the high power 
density of the laser also created the high temperature in the pulpal tissue. The power density of 16.1 W/cm2 was the 
highest power allowable before reaching the temperature safety limit for pulpal tissue. In addition, irradiation of laser 
diode with the double-exposure of 30 seconds created more luminous and less heat than that of the single exposure of 
60 seconds. 
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1. Introduction 
Undoubtedly, having bright teeth color can increase self-confidence. Andrew Joiner [1] reported that 
around a quarter of the UK population were dissatisfied with their teeth color and so were the USA 
population. Those reviews clearly support the research on the teeth whitening treatment. The teeth 
whitening started since 1799 by Macintosh [2]. After that, the process of teeth whitening was developed 
and an ordinary light source or laser was used in the treatment. Argon laser, CO2 laser and diode laser 
were among popular light source for teeth whitening treatment [3]. However, the most popular light 
source used in the bleaching treatment has become a diode laser because the diode laser could be 
efficiently used in the part of soft tissue surgery, endodontic, periodontic, implatology and tooth 
bleaching [4]. Many researches were conducted to compare the performances of the laser diode with other 
light sources in the treatment and this was found that the laser diode was a better light source for the 
treatment [5][6], This should be noted that in the research different power and different radiation time in 
the treatment were studied [7]. 
The teeth color could be described by 3 methods; shade guide, photography and spectrophotometry 
[8]. In 2008, Kafas compared color measurement between photography and shade guide [9].  The 
spectrophotometer was also used in color measurement [5]. Because the temperature in pulpal tissues was 
important for the safety of the human teeth, Niklaus [6] presented the temperature change in three kinds 
of teeth and showed that the incisor teeth had a higher temperature change than the molar teeth and pre-
molar teeth after treatment with the same power and radiation time of laser. From literature reviews, this 
is evident that the research on laser teeth whitening is still a lack of study of color change in quantitative 
way. Therefore, in this study we will evaluate the color change and temperature change of incisor teeth 
before and after the laser treatment.  
2. Materials and methods 
The diode laser (GaAlAs diode, LDM-808 Series, Roithner LaserTechnik GmbH, Vienna, Austria) 
operated at wavelength of 808 nm was used for irradiation.  The bleaching agent, Opalescence Boost, 
contains 38 % hydrogen peroxide and is composed of PF (potassium nitrate and fluoride). The 56 
extracted incisors (approved by the ethics committee of Mahidol University Institutional Review Board; 
project no. 2011/077.2607) were used for the in vitro experiment. The extracted teeth were stored in the 
sodium chloride solution for 48 h for disinfection. Before the experiment, all teeth had been immersed 
into a staining solution which was made of coffee for seven days at a constant temperature of 37qC. After 
that, the teeth samples were randomly divided into 7 groups; the control group, G1 was applied with an 
approximately 2 mm thick layer of the bleaching agent on the surfaces of teeth covering completely the 
area and kept for 15 minutes.  Groups G2, G3, and G4 were applied with the same bleaching agent and 
were immediately irradiated with diode laser at the power densities of 10.9, 16.1, and 36.7 W/cm2, 
respectively, for 30 seconds (the laser power, which were applied in groups G2, G3 and G4, were 1.0, 1.5 
and 3.3 W, respectively, and areas of laser beam was 0.09 cm2). The bleaching agent was left on the teeth 
surface for 7 minutes and then irradiated again for 30 seconds. Groups G5, G6, and G7 were irradiated 
with diode laser for 60 seconds at the power densities of 10.9, 16.1, and 36.7 W/cm2, respectively, to the 
teeth surface which were applied with the bleaching agent. After the treatment, all samples were rinsed 
with water and dried. 
In this study, the change of teeth color before and after treatments were evaluated with 
spectrophotometer (Model USB4000, Ocean Optics) in terms of the CIE L*a*b* color space.  And then 
their differences of the L*a*b* values were appraised. In addition, we investigated the chroma, C*, or 
color saturation of the samples. The L*a*b* values between before treatments and after treatment in the 
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same group were analyzed using the paired sample t-test. The color differences between groups were 
tested by one-way ANOVA followed by Tukey’s post hoc tests. 
For the temperature analysis, the 6 incisors were divided into 3 groups. Each group was irradiated by 
diode laser at the same power density as for the color analysis. The pulpal tissues of all teeth were 
removed for posterior insertion of the temperature sensor, which was a type K thermocouple. We 
recorded the temperature for every 10 seconds of treatment for all three power densities. 
3. Results  
The L*a*b* values of all treatment in Table 1 are shown with values measured before and after 
treatments. All treatment groups (G2 to G7) showed significantly the L* difference between before and 
after treatment at p-value < 0.05. The values for the group control (G1) were not significantly different 
for the before and after the treatments. Similarly, the change of the a* and b* values of the treatments 
are the same statistical interpretation to that of L* values. All teeth showed a prominent yellow hue and 
negligible contribution from red color. The a* values are between 0.2 and 5.7 and the b* value are 
between 13.4 and 21.8. 
Table 1. The L*a*b* values of before and after treatments 
 
Before Treatment  After Treatment 
Group 
L* a* b*  L* a* b* 
G1 
G2 
G3 
G4 
G5 
G6 
G7 
88.3 
82.5 
78.1 
77.5 
87.4 
81.7 
75.5 
- 
0.2 
3.2 
2.4 
1.5 
2.4 
0.3 
- 
19.6 
15.9 
13.4 
20.8 
19.0 
17.6 
 90.3 
88.1 
84.2 
87.4 
90.9 
86.1 
82.1 
- 
0.3 
5.7 
3.8 
1.3 
2.3 
0.6 
- 
20.0 
18.5 
18.0 
21.8 
20.0 
18.2 
 
The mean values of the lightness change, ¨L*, along with the mean values of the chroma change, ¨C* 
are shown in Fig. 1. All groups showed a positive value of ¨L* which imply that all treated teeth had an 
increase in lightness. ¨L* of four groups: G2, G3, G4 and G7 were significantly different from that of the 
control group at p-value < 0.05. The highest lightness change occurs in G4 and G3 groups, which were 
irradiated at 36.7 and 16.1 W/cm2 respectively with the double-exposure method. For ¨C*, there was no 
significant difference between the treatment groups and the control group except with G3 and G4 groups. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The lightness change, ¨L* and the chroma change, ¨C* of control group, G1and treated groups, G2-G7 
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Temperature change in the pulpal tissues after treatment is shown in Fig. 2. Teeth in groups irradiated 
with 36.7 W/cm2 of the laser diode had a maximum temperature increase in the pulpal tissues of 10.9 °C. 
In addition, the temperature increases of 5.2 °C and 5.0 °C were found in groups irradiated with 16.1 and 
10.9 W/cm2 of laser diode, respectively. The temperature increases in groups of irradiated by the laser 
diode with 10.9 and 16.1 W/cm2 were approximately the same. 
 
 
 
 
 
  
 
 
 
 
             
Fig. 2. Temperature change in pulpal tissues at the power densities of 10.9, 16.1 and 36.7 W/cm2 from a laser diode 
4. Discussion
The CIE L*a*b* color system was used to describe the teeth human color by Andrew [1]. Niklaus [5] 
used two light sources and two whitening agents in the treatment and the study showed the results in 
terms of the lightness change, ¨L*, and the chroma change, ¨C*. Regarding the L*a*b* values obtained 
in this study, the color analyses showed that all treated groups had increase lightness and the color shifted 
to light yellow (positive b*). Therefore, an average increase of color saturation showed the teeth color 
changed from gloomy to brighter teeth (positive ¨C*). The ¨L* values is positive which means that all 
treated teeth became whiter. The results were obtained at the power densities of 10.9, 16.1 and 36.7 
W/cm2 of 808 nm laser diode over duration of radiation of 60 seconds and the double-exposure of 30 
seconds. Figure 1 shows the brightness increase for all treated groups. When comparing the results in 
terms of power density, group G4 and G7 with the highest power density had given a higher lightness 
increase than other groups. This is because the high power density stimulated the hydrogen peroxide 
molecules more effectively [10]. Moreover, when we compared the groups irradiated with single 
exposure of 60 seconds and double-exposure of 30 seconds, we found that teeth in groups double-
exposure had a higher ¨L* values. There was a significant difference between two groups at p-value < 
0.05. 
The result of temperature change in the pulpal tissue can be used in specifying the irradiation time 
interval of laser diode. Consequently, this result in teeth whitening treatment can be applied in the 
dentistry. Few researches have been published on the analysis of the achievement of temperature in pulpal 
tissues. Ruya Uazici [11] presented the temperature increase in the pulpal chamber after teeth were 
irradiated by Zoom light. Niklaus [6] showed that the temperature increased about 8±0.5 °C and 12±0.5 
°C after treated by 0.9 W and 2 W of diode laser respectively. This result suggests that the temperature 
changes could reach 10.9 °C in pulpal tissues of the group treated by the laser diode with the power 
density of 36.7 W/cm2 (Fig. 2). Also the temperature changes were about 5.2 and 5.0 °C in the groups 
treated with the power densities 16.1 and 10.9 W/cm2 of laser diode, respectively. The statistical analysis 
of this problem showed that group of 16.1 and 10.9 W/cm2 were mutually significantly different but no 
significant difference was found when compared with the group treated with 36.7 W/cm2 laser diode. 
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According to Zach and Cohen [12], the critical temperature change of pulpal tissues was 5.6 °C. In this 
research the largest temperature change in the treated group was found to be 36.7 W/cm2, which was 
much higher than the critical temperature change. So that this power density was obviously not suitable to 
use in the teeth whitening treatment because the pulpal tissues was a necrosis Vinicius [13]. Therefore, a 
suitable power densities of the laser diode, which used in this research, were 10.9 and 16.1 W/cm2, 
because the temperature change is within the acceptable value.  
5. Conclusion 
The high power density caused more luminous teeth than the low power density did, but the high 
power density of the laser also created the high temperature increase in the pulpal tissue. Therefore, an 
operator must carefully choose a suitable power density and radiation time, which is safe for the pulpal 
tissues of teeth, in an operation. In this research the laser diode power density of 16.1 W/cm2 is the 
highest density in which temperature change of the pulpal is still below the safety guideline and still 
effective for the whitening treatment operation. 
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